United States Patent

US009637004B2

(12) (10) Patent No.: US 9,637,004 B2
Johansson et al. 45) Date of Patent: May 2, 2017
(54) SYSTEM AND METHOD FOR DELIMITING 8,554,441 Bl  10/2013 Johansson et al.
REGENERATIVE BRAKING 8,788,144 B2  7/2014 Krueger et al.
8,862,356 B2  10/2014 Miller
(71) Applicant: e-AAM Driveline Systems AB, (Continued)
Trollhdttan (ES)
FOREIGN PATENT DOCUMENTS
(72) Inventors: Olle Johansson, [ jungskile (SE); Emil
Gavling, Trollhéttan (SE); Peter DE 102013214806 Al 9/2014
Stavered, Trollhittan (SE) WO 2013045584 Al 4/2013
(73) Assignee: e-AAM Driveline Systems AB, OTHER PUBLICATIONS
Trollhéttan (SE)
International Search Report and Written Opinion dated Sep. 28,
(*) Notice:  Subject to any disclaimer, the term of this 2016 for corresponding International application PCT/IB2016/
patent is extended or adjusted under 35 053628, filed Jun. 17, 2016, 10 pages.
U.S.C. 154(b) by 16 days.
(21) Appl. No.: 14/743,135 Primary Examiner — Michael D Lang
(22) Filed: Jun. 18, 2015 (74) Attorney, Agent, or Firm — Harness, Dickey &
Pierce, PL.C.
(65) Prior Publication Data
US 2016/0368384 Al Dec. 22, 2016 (57) ABSTRACT
(51) Imt. ClL The present disclosure relates to a method for controlling an
B60L 7/18 (2006.01) application of regenerative brake torque to a plurality of
B60T 8/1755 (2006.01) wheels of at least one of a hybrid electric vehicle or an
B6OL 3/10 (2006.01) electric vehicle, to avoid brake instability. The method may
(52) US.CL involve sensing variables such as an angle of a steering
CPC .o, B60OL 7/18 (201301), B60L 3/102 wheel of the Vehic]e, a speed of the Vehjc]e, a brake peda]
(2013.01); B6OT 817552 (2013.01); B60T rate as an operator engages a brake pedal, and a wheel slip
2270/613 (2013.01); Y10S 903/947 (2013.01) of each of the front and rear wheels. A commanded lateral
(58) Field of Classification Search acceleration may be determined representing a steady state
CPC ... GO6G 7/76; GOSD 1/00; B60L 7/18; B60L lateral acceleration that the vehicle would reach at an actual
3/102; B60T 8/17552; B6OT 2270/613; vehicle speed and with a presently sensed steering wheel
L YlO.S 903/947 angle. The application of regenerative brake torque can then
See application file for complete search history. be controlled based on the sensed wheel slips relative to at
(56) References Cited least one prede.ter.mined Wheel slip limit. The predetermined
wheel slip limit is determined based at least in part on the
U.S. PATENT DOCUMENTS determined commanded lateral acceleration.
4,962,969 A 10/1990 Davis
6,691,013 Bl 2/2004  Brown 20 Claims, 9 Drawing Sheets
7,104,617 B2 9/2006 Brown

Perk
OriPed
W

/1/10

HEV Regenerative

Vehicle CAN bus

Brake pressure

Brake pedal position
Accelerator position
Steering wheel angle
Wheel angular speed FL
Wheel angular speed FR
Wheel angular speed RL
Wheel angular speed RR

Left Wheel

)

HY Battery
(& controller)

Hybrid | Trreg
Control

Inpuits for Regenerative Braking

Braking

Per
UariPed

Wharr

32



